Minimizing loss to follow-up (LTFU) in long-term cohort studies is essential for reducing bias and maintaining both study validity and sufficient power to address study objectives. It has been well established that differential LTFU by treatment arm in clinical trials can bias estimates of treatment effects (1) (2) (3) (4) (5) . Effect measures from observational (IQR)) 3 (1) (2) (3) (4) (5) 3 (1) (2) (3) (4) (5) (6) studies may be similarly biased if LTFU is associated with both exposures and outcomes of interest (6, 7) . Even if LTFU is not differential, if subjects who are lost differ from those who remain in the study, then results may apply to only a narrower subset of children, thus reducing the generalizability of the study (8) (9) (10) . LTFU must be considered in study design, and larger expected losses require increased sample sizes (11, 12) . The issue of LTFU has been specifically addressed in the context of human immunodeficiency virus (HIV) and acquired immunodeficiency syndrome clinical trials and observational studies. Seage et al. (13) evaluated factors associated with LTFU in the context of an HIV vaccine preparedness study, and de Bruyn et al. (14) investigated predictors of LTFU in clinical trials of candidate HIV vaccines. Amato (15) noted that the primary limitation of long-term trials of antiretroviral therapy in the HIV-infected population is the high rates of voluntary withdrawal. More recently, it has been suggested that improvement in the health status of acquired immunodeficiency syndrome patients occurring with the advent of highly active antiretroviral therapy may reduce the willingness of such patients to participate and remain in longitudinal studies (2) .
Retaining subjects in observational cohort studies of children infected by or exposed to HIV is particularly challenging. Studies of HIV-infected and HIV-exposed children face issues of possible stigmatization and concern regarding disclosure of the HIV status of either the child or the caregiver. Relatively high mortality rates of mothers with HIV infection often lead to changes in family structure that may complicate participation in research studies, and maternal morbidity due to HIV infection may increase the difficulty of caring for their child. In studies of HIV-exposed-butuninfected children, the risk of losing participants over time is particularly high because of long gaps between visits for uninfected subjects and less motivation to attend study visits, whereas infected children often obtain their primary care through these clinics and often develop close personal connections with site staff. As is true in all research studies, offering monetary or other incentives for children to participate in observational studies may be effective, but such incentives are sometimes explicitly prohibited by site institutional review boards and, when offered, vary widely across research sites (16) (17) (18) (19) .
Factors associated with attrition of children from observational studies have received little attention. In this paper, we report on the impact of participant, family, and site characteristics associated with time to LTFU for subjects in a long-term pediatric cohort study conducted in HIV-infected and HIV-exposed uninfected subjects.
MATERIALS AND METHODS

Study population and conduct
This analysis was based on data collected as part of the Pediatric AIDS Clinical Trials Group (PACTG) 219C cohort study, which enrolled and has followed both HIV-infected and uninfected perinatally exposed children in the United States since September 2000 to study long-term effects of in utero and postnatal antiretroviral therapy and complications of HIV infection. PACTG 219C was a revised version of PACTG 219, which was a protocol initiated in 1993 to study effects of HIV infection in children, as described in greater detail elsewhere (20, 21) . The original PACTG 219 study allowed enrollment of only those children coenrolled in another PACTG treatment trial or children whose mothers participated in such a trial. The revised version, PACTG 219C, extended enrollment to any HIV-infected or perinatally exposed child aged 21 years or younger; the majority of uninfected children were born to HIV-infected mothers participating in perinatal treatment trials, and they were enrolled at birth or soon afterward. Children were enrolled at one of 89 participating PACTG 219C sites, representing a mix of urban and rural sites across the United States and Puerto Rico. The study protocol for PACTG 219C was reviewed and approved by the institutional review board at each participating site, and written informed consent was obtained from each child's parent/guardian or from older participants who could self-consent. Written assent was obtained from children aged 12 years or older when appropriate or as specified by the local institutional review board.
At entry into PACTG 219C, clinical records were abstracted to obtain medical and clinical histories, including a complete history of antiretroviral therapy medications, clinical diagnoses, and birth history. At entry and at scheduled follow-up visits, CD4-positive T-lymphocyte percentages and HIV viral loads were measured, changes in antiretroviral therapy and new diagnoses were collected, and quality-of-life information was obtained as reported by the child or caregiver. Quality-of-life questionnaires collected information on 18 potential ''stressful life events,'' including changes in household financial status, changes in family structure, changes in environment (child starting school, mother/caregiver beginning employment), and illness or death of family members.
If a site was unable to maintain a subject in the study or lost contact with a subject, personnel completed an ''offstudy'' form that provided the reason for study discontinuation. We defined the outcome ''lost to follow-up'' as off study for any reason other than site closure, death, or study completion at age 24 years.
Statistical analysis
We examined participant-related and site-related factors and evaluated their association with LTFU by fitting a Cox proportional hazards model for time to LTFU for each characteristic of interest. Factors with p values of <0.20 in the univariate models were considered in a full multivariate Cox model, which was then reduced by using robust model selection procedures to a final model. Separate models were initially fit for participant-specific factors and for sitespecific factors, and each model was fit separately for HIV-infected and uninfected subjects.
We considered participant-specific factors to be those collected on an individual participant, relating to personal as well as maternal, family, and caregiver characteristics for that child (table 1) . Maternal characteristics included risk factors during pregnancy or delivery and for HIV exposure. Primary caregiver characteristics included type of caregiver (biologic parent or not) and educational level. Child characteristics included demographic factors, risk factors at delivery, HIV exposure risks, and, for HIV-infected subjects, immunologic and virologic health characteristics. Because the relation of age with LTFU may not be linear, we classified age as 0-<3, 3-<8, 8-<15, or 15 years for HIV-infected; and 0-1, 1-<2, -<4, or 4 years for HIVexposed uninfected participants. The age distribution for HIV-infected children is similar to the general distribution in the US population, reflecting the dramatic decline in perinatal transmission of HIV in the last decade, whereas the age distribution for uninfected children reflects the need to evaluate safety of prenatal antiretroviral therapy exposure from birth. The site-specific factors included the size of the site (in terms of total patient accrual), the percentage of accrued subjects who were HIV infected, and self-reported policies and practices of the site from a 2003 Site Retention Survey.
The Site Retention Survey included three sections: 1) retention policies and access to personnel with related expertise, 2) conduct of visit reminders and postvisit contact, and 3) personnel at the site responsible for tracking participants. Twenty-one sites lost funding prior to 2003; these sites were not asked to complete the site survey (participation of all subjects remaining in the study at these sites was discontinued because of site closure).
Generalized estimating equation models were initially used to evaluate both the participant-and site-specific factors and their association with LTFU, while taking into account within-site clustering. However, after adjustment for site and participant characteristics, the estimated within-site correlation was negligible (<0.05), suggesting that these factors had adequately captured potential sources of correlation in LTFU. In addition, results of the generalized estimating equation and survival analysis approaches were similar; thus, we present only the Cox proportional hazards model results in this paper. Joint models of participant and site factors initially included all covariates from the final multivariate Cox models described above. These models were then reduced by using robust model selection procedures to a final model within each HIV infection status. Variables were included in final models on the basis of hazard ratios and corresponding confidence intervals, evaluation of changes in effect estimates resulting from removing or adding other variables, and use of Akaike's Information Criterion. All analyses were conducted by using SAS 9.1 software (SAS Institute, Inc., Cary, North Carolina) and included data submitted to our data management center by July 2004. Two-sided p values of <0.05 were considered statistically significant.
RESULTS
As of July 2004, 2,693 HIV-infected and 1,370 HIVexposed uninfected children and adolescents had enrolled in PACTG 219C, and 81 percent of the HIV-infected and 84 percent of the uninfected participants remained in the study. However, some had discontinued the study for unavoidable reasons, including site closure because of loss of funding for 21 sites (n ¼ 318 participants) and death of 42 participants; in addition, five subjects completed the study at age 24 years. Among the remaining subjects, 9 percent of the infected (n ¼ 210 of 2,362) and 14 percent of the uninfected (n ¼ 191 of 1,336) were lost to follow-up. Kaplan-Meier estimates of LTFU over time, censoring unavoidable losses at study discontinuation, indicate approximately 3-4 percent LTFU per year for HIV-infected subjects and 6-8 percent for uninfected subjects ( figure 1) .
The enrollment characteristics of the subjects are summarized in table 1 by HIV status. The median age at enrollment was 9.9 years for HIV-infected and 0.9 years for uninfected subjects, and 58 percent were Black and more than 25 percent were Hispanic. Among the HIV-infected subjects, 11 percent had CD4-positive T-lymphocyte percentages of <15 percent, and 27 percent had a high HIV-1 viral load (>10,000 copies/ml). Differences between the HIV-infected and uninfected subjects are clear: HIV-infected subjects were much older, less likely to have a biologic parent as primary caregiver, and less likely to be born by cesarean section. A summary of participant-specific factors associated with LTFU of HIV-infected subjects based on univariate Cox proportional hazards models is provided in table 2. Factors associated with an increase in the risk of LTFU included older age, advanced HIV infection (based on low CD4 count or percentage or high HIV-1 viral load), and low educational level of the primary caregiver. Surprisingly, occurrence of stressful events in the family was associated with improved retention, particularly in the case of death of a family member. However, after adjustment for age, many of the univariate predictors shown in table 2 were no longer significant. The final multivariate model for participant-specific predictors of LTFU in HIV-infected children (table 2, bottom panel) indicated twice the risk of LTFU for those aged 15 years or older (hazard ratio (HR) ¼ 2.16) and higher risk for Among HIV-exposed uninfected participants (table 3) , age between 1 and 2 years at entry, certain birth abnormalities (including perinatal infections), and maternal risk factors for HIV such as having a sexual partner with a history of intravenous drug use or of unknown HIV status were associated with decreased retention in univariate models. Occurrence of certain stressful life events was again associated with reduced risk of LTFU. However, a change in family environment (child starting school or mother beginning employment) was associated with an increased risk of LTFU. The final multivariate model for uninfected participants indicated a significantly higher risk of LTFU for those aged 1-2 years compared with other age groups and for those with reported birth abnormalities, and a 30 percent reduction in risk of loss for children who previously participated in PACTG 219 (HR ¼ 0.69). Two types of stressful life events-change in financial status or death of a family member-were associated with reductions in risk of LTFU (HR ¼ 0.62 and HR ¼ 0.57, respectively), but starting a new school or employment of the mother was associated with increased risk of loss (HR ¼ 1.45).
The 2003 Site Retention Survey was completed by 63 of the 67 sites actively participating in PACTG 219C at that time, and survey responses are summarized in table 4 along with the distribution of site sizes in terms of total patient accrual. The highest LTFU for both HIV-infected and uninfected subjects was observed at the ''small'' sites (those accruing <20 subjects), with about twice the risk of LTFU compared with sites accruing more subjects. Some of the site-related policies seemed to have unexpected results in terms of retention. For example, sites that either called or sent a visit reminder, rather than both calling and mailing reminders, had more than twice the risk of LTFU for both infected and uninfected participants; note, however, that only three sites sent no reminders. Sites with three or more retention specialists had a lower risk of LTFU of HIV-infected participants (HR ¼ 0.40) but a higher risk of LTFU of uninfected participants (HR ¼ 2.87) compared with sites with no retention specialist.
Many of the types of site staff reported to be responsible for tracking study participants had strong associations with retention rates, but often in opposite directions for HIVinfected and HIV-exposed uninfected participants. Among the HIV-infected subjects, lower risks of LTFU were observed when a social worker/outreach worker, office manager/ office staff, or data manager/data coordinator was responsible, while higher risk of loss was observed when a study coordinator was responsible. The opposite pattern was observed among the HIV-exposed uninfected participants.
The final multivariate Cox models for time to LTFU incorporating both participant-specific factors (tables 2 and 3) and site-specific factors (table 4) are summarized in table 5. The final models for time to LTFU of HIV-infected and uninfected participants included both child-and familyspecific characteristics as well as site-specific characteristics. Smaller sites had more than twice the risk of loss of HIVinfected participants and almost three times the risk of loss of HIV-exposed children. In addition, sites whose institutional review boards did not allow monetary incentives to be provided had over twice the risk of LTFU for the HIV infected (HR ¼ 2.41). Small sites were also most likely to have institutional review boards that prohibited monetary incentives, and thus two models were obtained for the HIV infected that provided very similar fit: one included site size and the other included the institutional review board compensation prohibition, with other factors relatively unaffected. Sites with a larger percentage of HIV-infected subjects among their enrolled participants had increased risk of LTFU of both infected and uninfected children.
Age at study entry strongly influenced retention of both HIV-infected and uninfected participants, but older children (aged >15 years) were at greater risk of loss for the HIV infected while those aged 1-2 years at entry were at greatest risk of loss for the uninfected. Stressful life events, including death of a family member and changes in household financial status, were associated with reduced risk of LTFU in both the HIV infected and HIV uninfected. However, there was a 72 percent increase in risk of LTFU if the child began school or the mother/caregiver began employment. Other site personnel and retention policies appeared to primarily affect LTFU among the HIV-exposed uninfected children: there was an 80 percent higher risk of loss if a social or outreach worker was responsible for retention, while the risk was reduced by two thirds (HR ¼ 0.33) if a study coordinator was responsible.
DISCUSSION
The PACTG 219C cohort study was able to limit LTFU to about 3-4 percent per year for the HIV infected and 6-8 percent for the uninfected. These attrition rates compare favorably with those of many other long-term observational studies, which range from 14 percent to 30 percent (2-4) over study durations of up to 2 years. Despite this study's relative success in maintaining subjects in the study, ongoing attrition reduces the ability to evaluate rare adverse events and may threaten the validity of certain planned analyses. Costagliola and Mary-Krause (22) recommend questioning the results of a study whenever more subjects are lost than those with the event of interest. Other recommendations include using a cutoff of 10 percent or 15 percent LTFU (5, 23) to either institute site restrictions or question trial results. Given the clear declines in participation rates in epidemiologic studies noted by Galea and Tracy (24) , great efforts should be expended to retain those who do volunteer to participate in research studies.
We found several factors related to the participant, the caregiver, or the family to be associated with the risk of LTFU. These factors included poorer health status (higher viral load in HIV-infected and birth abnormalities in HIVuninfected participants), age at entry (older for the HIV infected, younger for the HIV uninfected), recent stressful life events, educational level of the caregiver, and participation in previous trials. Other studies have reported fairly consistent increases in attrition for those with low educational levels (3, 4, 8, 13, 25) and poorer health status (2, 8, 25, 26) . Age has been demonstrated across numerous studies to affect retention, with younger age typically associated with higher LTFU (13, 14, 27, 28) ; however, these studies have addressed adult rather than adolescent populations. Our finding of higher LTFU among HIV-infected adolescents is consistent with other research indicating poorer medication adherence in this age group (29) .
Stressful life events have been reported to be associated with an increased risk of mortality, and other measures of impaired quality of life have been associated with reduced retention (26) . However, we found that youth experiencing more stressful life events were more likely to remain in the study. It may be that occurrence of such events leads to a greater reliance of the child and/or his or her family on the health care team for social and emotional support. Unstable housing has often been reported to be associated with increased LTFU (1, 3, 4, 13, 30) . However, we found no association with loss of housing in itself, although the number of stressful life events (which includes loss of housing) was related to improved retention, as described above.
In addition to participant-related factors associated with LTFU, we identified several clinic or site-level policies and factors that were associated with retention, even after control for subject-specific characteristics. For example, sites accruing more subjects to the study had lower rates of loss than ''small'' sites of both HIV-infected and uninfected children, perhaps because of their increased staffing and ability to hire or designate retention specialists. The type of staff member responsible for retention appeared to be particularly important for retaining uninfected children, and Other researchers have also evaluated site-specific characteristics and their association with retention, and they noted that unsatisfactory interactions with study physicians or long waits for appointments tended to increase attrition (8) and that LTFU was related to clinical setting characteristics, patient provider characteristics, and provision of site incentives (1). These results suggest that multisite networks may improve retention efforts by including fewer numbers of larger sites and training both administrative and other staff at these sites on key factors noted to improve retention. Among HIV-infected children, we found that site institutional review board prohibition against monetary compensation for participants' time and effort was associated with more than twice the risk of LTFU. Some site institutional review boards have argued that offering monetary reimbursement or incentives may remove, to a certain extent, the voluntary nature of study participation and may result in unintended targeting of vulnerable populations of lower socioeconomic status, in essence resulting in undue inducement (16, 17, 31) . However, the wide variability noted across institutional review boards and investigators both in allowing payment and in amounts of payment (16, 17) may, in practice, create greater inequities among research subjects, especially children (18, 19) . Bagley et al. (31) recommend offering children older than age 9 years an appropriate compensation, or ''wage,'' citing their developmental understanding of the monetary value of research participation; for younger children, the parents/caregivers would primarily make decisions regarding participation. We urge site institutional review boards to develop guidelines for standardizing monetary compensation appropriate for both adult and pediatric populations. A reasonable and noncoercive place to start is to compensate participants the median hourly wage for their community.
A limitation of our analysis is that the site survey was completed while the study was ongoing, rather than prior to opening the study, so it may have reflected more recent policies adopted in response to poor retention rather than causally related to subsequent poor retention. For example, sites may have hired retention specialists in response to high LTFU at their site. In addition, because it was not possible to obtain completed surveys from sites that had already closed, subjects at these sites could not be included in the joint models of site-and participant-specific factors.
There are several reasons why identifying factors associated with LTFU is important. First, if specific participants are considered at high risk of LTFU, then sites could identify these subjects early in the study and increase retention efforts for them (28) . Retention strategies can be developed that appropriately consider the context of the family and household characteristics of participants. Second, if certain site practices are found to be related to retention, such practices can be recommended or discouraged as appropriate. In addition, sites with expertise in areas identified to improve retention can be encouraged and supported to share such strategies with other sites.
Our results indicate that, while short-term retention of HIV-infected and HIV-exposed but uninfected children was high, particular challenges make longer-term studies problematic. More work will be needed to modify and improve retention efforts. These efforts should engage the responsible staff members' full cooperation across study sites to enhance participant-site connections. Multisite study teams should strongly encourage appropriate participant compensation to improve retention, thus limiting study bias.
